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Abstract. The horizontal branch (HB) morphology of globular clusters (GCs) is mainly
described by metallicity. The fact that some clusters with almost the same metallicity exhibit
different HB demonstrates that other parameters are at work. We present results from the
analysis of the CMD of 72 GCs obtained with the Advanced Camera for Survey (ACS)
of the Hubble Space Telescope (HST). We find a significant correlation between the HB
color extension and the mass of the hosting cluster, while the color distance between the
HB and the red-giant branch (RGB) depends on metallicity and age. We suggest that age
and metallicity are the main global parameters of the HB morphology in GCs, while the HB
extension is mainly due to internal helium variation, associated to multiple populations.
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1. Introduction
Since the early fifties, metallicity has been
considered the main parameter that determines
the HB morphology in GCs. Few years later,
the evidence that some clusters with similar
metallicity exhibit different HBs already sug-
gested that at least one second parameter is re-
quired to properly characterize the HB mor-
phology of GCs. Since then, the so called
second-parameter problem has been widely in-
vestigated by many authors. Several candi-
dates have been suggested as possible sec-
ond parameters but a comprehensive picture
is still lacking. We refer the reader to the pa-
pers by Catelan (2009); Dotter et al. (2010);
Gratton et al. (2010) for reviews.
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Recently, Dotter et al. (2010) measured the
median color difference between the HB and
the RGB (∆(V-I)) from ACS/HST photometry
of sixty GCs and demonstrated that, after the
dependence with the metallicity is accurately
removed, ∆(V-I) correlates with cluster age.
Also the total mass of a GC certainly plays a
role on its HB morphology. Recio-Blanco et al.
(2006) discovered that more massive clusters
tend to have HBs more extended to higher tem-
perature. Fusi Pecci et al. (1993) found that the
extension of the HB and the presence and ex-
tent of blue tails in particular are correlated
with the cluster density and concentrations,
with more concentrated or denser clusters hav-
ing also bluer and more-extended HB.
The possibility of self-enrichment in he-
lium as responsible of the HB shape has
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been investigated by several authors, as mul-
tiple stellar populations with different he-
lium abundance can indeed explain fea-
tures such us tails and multimodalities in
the HBs of GCs (e.g. D’Antona et al. (2002);
Gratton et al. (2010)). The idea of a connection
between multiple populations and HB mor-
phology rises in the early eighties, when pio-
neering papers showed that the cyanogen dis-
tribution is closely connect with shape of the
HB (e.g. Norris (1981)) and is confirmed by re-
cent studies of HB stars.
In this context the M 4 represents a strong case.
This GC hosts two stellar populations with dif-
ferent Na and O abundance that define two
RGBs in the U versus U − B CMD. The HB
of M 4 is also bimodal and is well-populated
both to the red and the blue side of the RR
Lyrae gap. The bimodality in Na and O is
also present among the HB. Blue-HB stars be-
long to the second generation and are O-poor
and Na-rich, while red-HB stars are first gen-
eration (Marino et al. (2008, 2011)). Similar
analysis of HB stars in other GCs show that
first-generation stars populate the reddest HB
segment, while second-generation HB stars
have bluer colors (e.g. Villanova et al. (2009);
Gratton et al. (2011); Lovisi et al. (2012)).
In this paper we use the homogeneous photom-
etry from ACS Survey of GCs (Sarajedini et al.
(2007); Dotter et al. (2011) to re-investigate
the HB morphology at the light of the new find-
ings on multiple populations in GCs.
2. The L1 and L2 parameters to
describe the HB morphology
To describe the HB, we defined two quantities:
i) L1, which is representative of the distance
between the RGB and the coolest part or the
HB, and ii) L2 that indicates the color exten-
sion of the HB.
The procedure to determine L1 and L2 is il-
lustrated in Fig. 1 for the case of NGC 5904.
Briefly, we selected by eye a sample of HB
stars, and a sample containing all RGB stars
that differ by less than ±0.1 F606W mag from
the mean level of the HB (F606WHB, see
Dotter et al. (2010)). Then, we have defined
two points on the HB, PA and PB, whose col-
Fig. 1. Upper panel: Normalized histogram color
distribution of stars in the HB (blue histogram)
and RGB sample (red histogram) for NGC 5904.
The two sample of HB and RGB stars are colored
blue and red, respectively in the lower-panel CMD,
where we also show the points PA, PB, PC and the
L1 and L2 segments (see text for details).
ors correspond to the forth and the ninety-sixth
percentile of the color distribution of HB stars.
The color of the third point PC is assumed as
the median color of RGB stars. L1 is defined
as the color difference between PC ans PB, and
L2 as the distance between PB and PA.
In the following we investigate the relation
between the L1 and L2 quantities and some pa-
rameters of their host GCs. Figure 2 shows L1
against [Fe/H]. An inspection of this plot re-
veals that all the metal-rich GCs have small L1
values and hence exhibit the red-HB. At lower
metallicities, there are clusters with almost the
same iron abundance and yet different L1 val-
ues. This reflects the well-known phenomenon
that while in some GCs the red HB is absent,
other clusters with almost the same metallicity
host red-HB stars.
The fact that clusters populate distinct regions
in the L1 versus [Fe/H] plane, allows us to de-
fine three groups of GCs: i) The first group,
‘G1’, includes all the metal-rich GCs ([Fe/H]>
−1.0); ii) the second one, ‘G2’, is made of
clusters with [Fe/H]< −1.0 and L1 <0.4; iii)
the remaining GCs with L1 >0.4 belong to
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the group ‘G3’. Since the second-parameter
phenomenon is more evident among metal-
poor clusters, we further define a fourth group
(‘G2+G3’), including all the GCs in the groups
‘G2’ and ‘G3’. Both ‘G2’ and ‘G3’ clusters
Fig. 2. L1 vs. cluster metallicity (from Harris 1996,
2010 edition) for 72 GCs. ‘G1’, ‘G2’, and ‘G3’ clus-
ters are colored red, green, and blue, respectively.
exhibit significant correlation between L2 and
the absolute cluster luminosity (mass). This is
shown in the lower panel of Fig. 3, where we
plot L1 as a function of MV. The Spearman’s
rank correlation coefficient is rG2=−0.86, and
rG2=−0.72 for the ‘G2’ and ‘G3’ sample, and
rG1+G2=−0.78 for ‘G2+G3’ GCs. There is no
significant correlation between L1 and MV.
Recent papers, have shown that the CMDs of
GCs are typically made of multiple sequences
that can be followed continuously from the
MS up to the RGB, and that correspond to
stellar populations with different helium con-
tent (Milone et al. (2012a)). The maximum he-
lium variation changes from one cluster to each
other and ranges from ∆Y∼0.14 for the mas-
sive NGC 2808 and ωCen (e.g. Piotto et al.
(2007); King et al. (2012)) to ∆Y∼0.01 for
NGC 6397 (Milone et al. (2012b)). The upper
panel of Fig. 3 shows that L2 is correlated
with ∆Y, in the small number of ‘G2’ and ‘G3’
where this measure is available.
Fig. 3. Upper panel: logarithm of the maximum
helium difference between cluster subpopulations
(∆Y) as a function of L2. Lower panel: L2 vs. ab-
solute luminosity (from Harris 1996, 2010 edition)
for the GCs studied in this paper.
L1 is plotted as a function of cluster age in
the lower panel of Fig. 4, while the histograms
of the age distributions for ‘G1’, ‘G2’, and
‘G3’ GCs are shown in the upper panel. L1 and
age are significantly correlated for ‘G2+G3’
clusters (rG1+G2=0.75), with ‘G3’ GCs being,
on average, older than ‘G2’ ones. There is no
significant correlation between L2 and age.
3. Discussion
Freeman & Norris (1981) suggested that, apart
from metallicity, at least two parameters are
needed to explain the HB morphology. One
of these should be a global parameter that
varies from cluster to cluster, and the other a
non-global parameter that varies within the
cluster.
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Fig. 4. L1 against age (lower panel) and histogram
of age distribution for the ‘G1’ (red), ‘G2’ (green),
and ‘G3’ clusters (blue, upper panel). Black line is
the best-fitting straight line for the ‘G2+G3’ sample,
the Spearman coefficient rG2+G3 is also indicated.
Our analysis reveals that the color distance
between the RGB and the coolest part of
the HB, L1, depends on cluster age and
metallicity, while the HB extension, L2,
correlates with the cluster luminosity (and
hence the mass). Recent works on multiple
stellar populations in GCs show that massive
clusters exhibit, on average, larger internal
helium variations, ∆Y, than small-mass GCs.
As expected, we found that ∆Y is positively
correlated with L2, even if this analysis is
limited to a small number of clusters (see also
D’Antona et al. (2002); D’Antona & Caloi
(2008); Gratton et al. (2010) for discussion
on the connection between helium and HB
morphology).
These results suggest that age and metallicity
are the main global parameters of the HB
morphology of GCs, while internal star-to-star
helium variation, associated to the presence of
multiple populations, are the main responsible
of the HB extension.
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